The authors determined the validity and reliability of their Past Year Total Physical Activity Questionnaire (PYTPAQ), which assesses the frequency, duration, and intensity of occupational, household, and recreational activities performed over the past year. The PYTPAQ was completed twice at baseline, 9 weeks apart (on average), by 154 healthy Canadian men and women aged 35-65 years for assessment of reliability. The PYTPAQ was completed again 1 year later as a self-administered questionnaire. Four times during the year, participants wore an accelerometer for 7 days and completed 7-day physical activity logs. The authors assessed validity by comparing PYTPAQ summary values with 1-year averages of the physical activity logs and accelerometer data and with physical fitness and anthropometric data measured at baseline and 1 year. Spearman correlations for reliability (metabolic equivalent-hours/week) were 0.64 for total activity, 0.70 for occupational activity, 0.73 for recreational activity, and 0.65 for household activity. For total activity, the intraclass correlation coefficient for correlation between the PYTPAQ and the 7-day physical activity logs was 0.42 (95% confidence interval: 0.28, 0.54), and for the accelerometer data it was 0.18 (95% confidence interval: 0.03, 0.32). Spearman correlations between PYTPAQ hours/week of vigorous activity and maximal oxygen uptake were 0.37 and 0.32 at baseline and followup, respectively. In general, the PYTPAQ has acceptable reliability and validity for measurement of past-year physical activity that is comparable to that of similar questionnaires. data collection; exercise; physical fitness; questionnaires; reproducibility of results Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; MET, metabolic equivalent; PYTPAQ, Past Year Total Physical Activity Questionnaire; VO 2max , maximal oxygen uptake.
Questionnaires are often the only feasible method of assessing habitual physical activity in large populations (1), because they are easy to administer, relatively inexpensive, and noninvasive. Accurate and reliable assessment of habitual physical activity has been challenging, particularly for activities that are of low intensity, not done routinely, or not salient for the study respondent. Furthermore, relatively few questionnaires have undergone thorough pretesting or examination of their psychometric properties, thereby bringing into question the validity of disease-exposure relations assessed with these questionnaires.
As part of a program of research on physical activity and cancer outcomes (2), we developed a self-administered questionnaire for assessment of all types of physical activity performed during the previous 12 months. This questionnaire was based on a questionnaire we previously developed and tested, the Lifetime Total Physical Activity Questionnaire (3), which we have used in case-control studies of lifetime physical activity and risk of cancers of the breast (4-6) and prostate (7) . The Lifetime Total Physical Activity Questionnaire measures all types (i.e., occupational, household, and recreational) and all parameters (i.e., frequency, duration, and intensity) of physical activity engaged in from childhood to the time of the interview. It is an intervieweradministered questionnaire that uses recall calendars and memory-probing techniques known as cognitive interviewing methods (8) to assist respondents in reporting their lifetime history of physical activity. The purpose of this study was to evaluate the reliability and validity of the past-year component of our Lifetime Total Physical Activity Questionnaire, entitled the Past Year Total Physical Activity Questionnaire (PYTPAQ). Our ultimate aim is to use this questionnaire in large-scale cohort studies of various disease outcomes.
MATERIALS AND METHODS

Past Year Total Physical Activity Questionnaire
The PYTPAQ has an open table format, rather than specific questions, and is separated into three sections that assess occupational (including transportation to and from work), household, and recreational activity in the previous 12 months. It includes a description of the type of activity as well as the frequency (months/year, days/week), duration (hours/day), and perceived intensity of the activity. Definitions of each level of intensity (1 ¼ sedentary, 2 ¼ light, 3 ¼ moderate, and 4 ¼ heavy) are provided in the questionnaire, along with examples. For household and recreational activities, respondents are asked to report only those activities they engaged in while they were at least standing, whereas for occupational activity, all types of activity were reported, including sedentary activity. A list of recreational activities is given at the end of the questionnaire as a prompt for completion of that section. Responses are coded and entered into Blaise survey software (Statistics Netherlands; available from Westat, Inc., Rockville, Maryland) before being transferred into SAS (SAS Institute, Inc., Cary, North Carolina) for analysis.
The physical activity outcome measurements include the number of hours per week spent in each type of activity (i.e., occupational, household, and recreational) and the total amount of physical activity (i.e., the sum of the three types of activity) for the past year. The total hours per week spent in each activity are multiplied by the estimated metabolic cost of each activity (metabolic equivalent (MET) value) as determined from the Compendium of Physical Activities (9, 10) . Hence, the main variable for comparison with other measures of activity and physical fitness is total activity expressed as MET-hours/week. In assessing validity and reliability, we excluded sedentary occupational activity from all summary activity values in order to evaluate activity (rather than inactivity) reporting.
Study population and recruitment
Eligible participants were between 35 and 65 years of age, resided in the Calgary Health Region of Alberta, Canada, were able to read and write in English, had no previous history of cancer (except nonmelanoma skin cancer), were not pregnant or planning to become pregnant in the next year, and were able to perform a submaximal physical fitness treadmill test at the beginning of the study. We chose this population to mirror the participants in an ongoing cohort study in Alberta for which the questionnaire was designed. The University of Calgary and the Alberta Cancer Board ethics review committees approved the study, and each participant provided informed consent prior to enrollment.
The study population was identified through random digit dialing using a stratified random sampling method. The sample was stratified by sex and age (35-49 years and 50-64 years) to ensure approximately equal distributions of participants across these strata. Study subjects were also asked two questions on their occupational and recreational activity and were stratified by level of physical activity (low, medium, high) according to their responses. We used this stratified random sampling method to ensure an equal distribution of study subjects across all levels of physical activity. A total of 1,190 people were screened for eligibility, of which 371 were eligible and 283 agreed to receive a study package; 177 completed baseline measurements and signed the informed consent form, and 154 completed all aspects of the study and were included in the analysis.
Study design and data collection methods
The overall study sequence is depicted in figure 1 . A 1-year cohort study design was used to assess physical activity at baseline and for the year following enrollment. At baseline, study participants visited the Human Performance Laboratory at the University of Calgary, completed questionnaires on their medical, health, and lifestyle history, and completed the modified Physical Activity Readiness Questionnaire for determination of their eligibility for the physical fitness appraisal (11) . They were provided with the PYTPAQ to report their physical activities for the preceding 12 months (PYTPAQ1) without any oral instructions or assistance, to simulate the completion of this questionnaire in a selfadministered, unassisted study setting.
For determination of the reliability of the PYTPAQ, participants completed a second PYTPAQ (PYTPAQ2) 9 weeks (on average) after the baseline visit. During the year of study following baseline assessment, participants wore an accelerometer for four 1-week periods, each followed immediately by a week during which they completed 7-day physical activity logs. These four 2-week data collection periods were completed 12 weeks apart during the year to cover all seasons of the year. Study data collection was conducted between February 2002 and 2003. At the end of 12 months of data collection, the study participants were invited to return for follow-up measurements. They completed a third PYTPAQ for the 12 months of the study period (PYTPAQ3) 
Anthropometric measures and physical fitness assessment
At the initial visit, certified physical fitness appraisers assessed the participants' anthropometric characteristics, body composition, and physical fitness using standardized methods. These measures included height, weight, waist and hip circumferences, and the sum of five skinfold thickness measurements. The multistage physical work capacity test developed by Sjostrand (12) was used on a mechanically braked cycle ergometer with a 12-minute length. A minimum of a 3-minute workload was used to estimate the participant's physical working capacity at a given heart rate. Heart rate was measured every minute and blood pressure at the end of each stage. Pedal revolutions were counted for the last 2 minutes of each workload to determine revolutions per minute (60-70 revolutions/minute). A linear regression of power output against heart rate was used to predict maximal oxygen uptake (VO 2max ).
Physical activity logs
At the baseline visit, subjects were taught how to record their physical activity four times during the year using 7-day physical activity logs based on a modified version of the Bouchard Physical Activity Record (13) . The participants coded their activity for each 15-minute interval of every hour of the day for 7 days consecutively. There were six available codes that participants could use to describe their activity (lying, sitting, and light, moderate, heavy, and very heavy activity). Examples of relevant types of activities were provided for each code. These data, in hours/week, were transformed into MET-hours/week by assigning a midpoint-intensity MET value to each category (2.0 for light activity, 3.5 for walking, 4.0 for moderate activity, 6.0 for heavy activity, and 8.0 for very heavy activity). We excluded time spent lying or sitting from all summary measures, for comparison with PYTPAQ estimates that also excluded sedentary activity. For inclusion in the data analysis, at least 5 days per week of physical activity log data were required. All 154 participants had at least 5 days of physical activity log data available for each week of data collection. 
Accelerometer
At the baseline visit, subjects were taught how to wear and record their activity using the MTI actigraph (Manufacturing Technology, Inc., Fort Walton Beach, Florida), formerly called the CSA uniaxial accelerometer (Computer Science and Applications, Inc., Shalimar Florida), which captures minute-by-minute observations of whole-body motion when worn on the waist. This device has been reported to be a valid and reliable tool for the measurement of dynamic physical activities, such as walking and running (14) (15) (16) (17) (18) . Participants were instructed to wear the accelerometer during waking hours for 7 days and to record the times at which they turned the device on and off each day. If the accelerometer was removed during the day, the activity that was performed during this time (e.g., bathing, swimming) was recorded. A MET value was applied to each activity using the Compendium of Physical Activities (9, 10), permitting adjustment of the accelerometer data for periods of nonwear.
Data collected by the accelerometer were a series of activity counts representing the intensity and duration of motion in the sampling interval (i.e., counts/minute). The basic activity count data were summarized in terms of hours/week and, using the equation of Swartz et al. (19) , as total energy expenditure (MET-hours/week) after censoring of activity counts below 150 counts/minute. Duration (hours/week) of time spent in activity of specific levels of intensity was estimated using the following thresholds: 150-759 counts/ minute for light activity, 760-5,724 counts/minute for moderate activity, and 5,725 counts/minute for vigorous activity. Days with fewer than 10 hours of monitor wear, as determined by self-report, were excluded from analysis, as were weeks that had fewer than 3 days of data meeting the 10 hours/day criterion. Seven days of monitoring have been shown to capture more than 80 percent of the interindividual variation in adult physical inactivity and activity (20) . Out of a possible 4,312 days of monitor data (154 participants 3 28 days each), we excluded 15 days because of monitor malfunctions, 305 days because monitors had been worn for less than 10 hours, and five sessions each containing fewer than 3 full days of data (8 days in total). The average number of days and average duration of monitor wear were 23.2 days (standard deviation, 4.6) and 14.9 hours/day (standard deviation, 1.5), respectively.
Data analysis
The distribution of the physical activity data was examined prior to analysis, and since some data distributions were nonnormal, nonparametric tests were used. Wilcoxon signed-rank tests and Spearman rank correlations were used to assess questionnaire reliability and validity. Intraclass correlation coefficients (ICCs) were also calculated. We examined all assumptions for correlation before performing the analyses, and we chose the most appropriate results for presentation; that is, when necessary, the log-transformed ICCs were estimated and are presented here. We examined reliability by comparing the first two administrations of the questionnaire (PYTPAQ1 vs. PYTPAQ2). As a measure of construct validity, we compared PYTPAQ3 with the mean values from the 4 weeks of 7-day physical activity logs and the accelerometer data. We used PYTPAQ3 for validity testing in order to reflect the appropriate temporal sequence between the physical activity logs and accelerometer measurements. Finally, we compared PYTPAQ1 and PYTPAQ3 with the measures of physical fitness and anthropometry taken at baseline and follow-up, respectively. The ICC models used for the PYTPAQ1-versus-PYTPAQ2 comparisons of reliability were one-way random-effects models. The ICC models used to compare PYTPAQ3 with the 7-day physical activity logs and accelerometer data were two-way mixed-effects models appropriate for the assessment of validity (21) (22) (23) , where allowance is made for a difference in data collection methods. The latter ICC calculations were based on single measurements rather than average measurements and absolute agreement definitions (i.e., the measures produced by the various assessment instruments share a common metric (hours/week or MET-hours/ week) and could therefore be directly compared rather than simply correlated). The analyses were stratified by gender, age (<50 years and 50 years), body mass index (weight (kg)/height (m) 2 ; <25.0 and 25.0), and level of activity according to the 4 weeks of accelerometer data (highest tertile vs. lowest and medium tertiles, in MET-hours/week).
RESULTS
The study population was fairly evenly divided into males (n ¼ 75) and females (n ¼ 79), and the average age was the same for both sexes (48 years), indicating that the sampling procedure for this study achieved an appropriate balance by gender and age as desired. Assessment of the participants' baseline sociodemographic characteristics, lifestyle risk factors, and health and medical profiles (table 1) showed that this population was moderately overweight (mean body mass index ¼ 27.2) and had a relatively low predicted VO 2max . Over half of the study participants rated their own health as very good or excellent. There was a higher prevalence of ever or current smoking among women, while alcohol consumption levels were higher among men. A high percentage of this population was married or living common-law, was welleducated, and had a high household income.
The PYTPAQ is designed to estimate physical activity for each type of activity separately and for all activities combined (i.e., total activity) in terms of duration of activity (hours/week) and energy expenditure (MET-hours/week). When we examined the reliability of the estimates, the second measurement of physical activity obtained from PYTPAQ2 was slightly higher than that from PYTPAQ1, with the exception of recreational activity (table 2) . The overall activity data obtained from the 7-day physical activity logs approximated those of the self-administered questionnaire (PYTPAQ3). The lowest estimates of activity, in hours/week, were from the accelerometer data; however, when the estimates were considered in MET-hours/week, the lowest median estimates were for the self-administered questionnaire.
We quantified the reliability of the PYTPAQ questionnaire by first comparing estimates for total activity and type of activity (table 3) . For the overall study population, when we compared the first and second administrations of the PYTPAQ, there was a non-statistically-significant difference of just 1 hour of total activity per week (data not shown) or 4.72 MET-hours/week, and the Spearman rank correlation was 0.64. Somewhat higher Spearman correlations were found for total activity for males, persons under age 50 years at enrollment, persons with a lower body mass index, and highactivity participants. We also assessed reliability by examining each type of activity separately. The highest Spearman correlation for the total population was found for recreational activity (0.73), followed by occupational (0.70) and household (0.65) activity. Females had higher correlations than males for household activity (0.58 vs. 0.50) and recreational activity (0.78 vs. 0.67) and nearly equal correlations for occupational activity (0.71 vs. 0.72). Persons who were more active reported their occupational (0.78 vs. 0.66) and recreational (0.84 vs. 0.66) activity more reliably than did those with lower levels of activity. Correlations for occupational activity were also slightly higher for the younger (<50 years) study subjects and those with normal body mass indexes (<25). Less active persons reported significantly more occupational activity on the second PYTPAQ than on the first (median difference (PYTPAQ1 -PYTPAQ2) ¼ ÿ2.33 MET-hours/week). In further detailed analyses of the reliability of recall by intensity of total activity (data not shown), significant Spearman correlations were observed for all intensities, with the highest correlation being seen for vigorous activity (0.64) and lower correlations for moderate (0.56) and light (0.52) activity.
Additional assessments of the PYTPAQ's validity for total activity are reported in table 4. The median difference between PYTPAQ3 and the 7-day physical activity logs for the total population was only ÿ1.48 MET-hours/week and was not statistically significant. Finally, the comparisons between PYTPAQ3 and the accelerometer data showed an overall underestimation of total activity in PYTPAQ3 relative to the accelerometer of 8.21 MET-hours/ week that was not statistically significant. The Spearman correlations between the PYTPAQ3 and accelerometer data were the lowest estimated in this study and were statistically significant only for the total population, males, persons with a lower body mass index, and participants under age 50 years (0.26, 0.39, 0.38, and 0.43, respectively). In detailed analyses (data not shown), Spearman correlations between PYTPAQ3 and the accelerometer data for activity duration were significant for moderate (0.26) and vigorous (0.34) activity but not for light-intensity activity (ÿ0.08).
The final method of assessing PYTPAQ validity was to compare it with measures of physical fitness and anthropometry. The anthropometric factors body mass index and waist:hip ratio were not consistently correlated with the PYTPAQ data for vigorous activity, but VO 2max was moderately correlated (table 5) . Comparable results were obtained when we compared the anthropometric and physical fitness data measured at baseline and at follow-up with the measures of vigorous activity taken at these two time points.
DISCUSSION
In this reliability and validation study of a self-administered questionnaire on all types of past-year physical activity that was evaluated among men and women aged 35-65 years, reliability was acceptable overall. It tended to be higher for recreational and occupational activity than for household and total activity. In terms of total activity, somewhat higher reliability was seen among males, persons in the most physically active tertile of the population, persons with a lower body mass index, and persons who were under 50 years of age at recruitment. The validity of the PYTPAQ as expressed in MET-hours/week when the PYTPAQ was compared with 7-day physical activity logs and accelerometer data was modest, but it was sufficiently strong to suggest that the instrument would be able to rank-order adults by their activity levels. We observed levels of reliability and validity for past-year physical activity which were comparable to those of previous studies that have examined these psychometric properties for self-administered activity questionnaires (24) (25) (26) (27) (28) (29) . In these previous studies, the reliability coefficients were generally higher than the validity coefficients, as can be expected, since diaries, logs, and accelerometers are not perfect ''gold standard'' measures of activity. Correlations on the order of 0.5-0.9 were observed for reliability, while the validity correlations were between 0.03 and 0.5. The correlations for the PYTPAQ were equal to or greater than those we observed in the reference-year (past-year) assessment of our Lifetime Total Physical Activity Questionnaire (3) . In that assessment, we observed reliability correlations of 0.50 for total activity, 0.70 for occupational activity, 0.50 for household activity, and 0.57 for recreational activity (3) .
One of the strengths of the PYTPAQ as compared with previously developed physical activity questionnaires is that it captures information about all types of physical activity, as well as frequency, intensity, and duration of activity. It also has an open table format that permits respondents to report the specific activities in which they regularly engage, including descriptions of each activity and individual coding of the intensity of the activity. Prior to this validation study, we undertook extensive pretesting and pilot-testing of the questionnaire using cognitive interviewing methods to ensure that the questions were understood and that the respondents could retrieve information appropriately and make judgements and estimations of the responses required (8) . Other strengths of this validation study include the relatively large stratified random sample of men and women of a wide age range, the use of several validation methods, the low subject dropout rate during the year-long follow-up, and the rigorous study conduct.
The limitations of this study must be considered when reviewing these results. Three methods were used to assess the validity of this instrument: 7-day physical activity logs, accelerometers, and measurements of physical fitness and body composition. None of these methods are true ''gold standard'' measures.
The first validation method, the 7-day physical activity logs, provided 1-week measures of activity that were averaged to approximate the amount and intensity of activity the respondents performed over the course of the year. The advantage of physical activity logs is that they are complete records of activity performed during a fixed time period that are comprehensive and less subject to the types of recall and memory errors associated with long-term recall. These records, however, were completed for only four 1-week periods and thus may not be representative of the total 12 months. However, we believe that this sampling plan for the physical activity logs served to minimize variability in the measures due to both season and intraindividual variation in physical activity (30) . Furthermore, the physical activity logs needed to be relatively easy to complete in order to decrease the respondent burden; therefore, participants were asked to record their activities in 15-minute blocks of time for seven general categories of activity intensity. Consequently, data collection methods for this instrument may have decreased the accuracy and precision of the data to some degree.
The second method of validation, accelerometers, provided a measure of all activity performed when the participant was not in water (bathing, swimming), asleep, or not wearing the accelerometer for some other reason. Hence, the amount of time during the day that was covered by the accelerometer was less than that for the PYTPAQs and the 7-day physical activity logs. While complete 24-hour data were recorded for the 7-day physical activity logs, only 10 hours per/day of accelerometer data were required for inclusion in the analysis. An attempt was made to include activities that were performed when the accelerometer was not worn, to increase comparability between these methods. However, the coding of these activities was less precise, since the respondents provided less detail on the exact type and intensity of the activity they were engaging in when the accelerometer was not being worn. In addition, many common light activities, such as housework, may not be captured reliably by an accelerometer because of the device's limitations in capturing energy expenditure from activities that entail little physical motion.
Measurements of physical fitness and anthropometry, used as the third method of evaluating the psychometric properties of the PYTPAQ, are actually indirect methods of validation, since the determinants of fitness and anthropometric factors are multidimensional and differ from those for physical activity. They provide an additional means of evaluating the properties of the questionnaire but cannot be used as the sole method of questionnaire validation. Nonetheless, we found positive and significant associations between physical fitness and vigorous physical activity and mainly negative associations between anthropometric factors and vigorous activity. Hence, the direction of the correlations was the direction expected, despite the fact that some correlations were only poor to moderate. Despite the recognized limitations of these three comparison measures in validating physical activity, all are considered acceptable methods with which to validate questionnaires (26, (31) (32) (33) (34) . We believe that the consistency of effect across each measure reinforces the notion that the PYTPAQ is a valid method of assessing habitual physical activity in Canadian adults. Furthermore, each of the comparison measures we selected for this study has an error structure that is conceptually independent from errors in the PYTPAQ. When errors are uncorrelated, as may be the situation between our questionnaire and the comparison measures, the correlations between the objective measures and the PYTPAQ tend to be underestimated (35) .
In conclusion, this study has shown that the PYTPAQ has an acceptable level of reliability and validity for measuring all types of self-reported physical activity in the past year in a middle-aged population of healthy men and womena level comparable to that of other, similar questionnaires. The PYTPAQ was shown generally to have very good reliability and moderate validity for all subgroups of the study population examined, but reliability and validity were somewhat better for men, persons under age 50 years, and persons with a lower body mass index and for assessing recreational activity in terms of MET-hours/week. These patterns could be partly explained by that fact that these study population subgroups also had the highest levels of vigorous physical activity. Specifically, women tended to engage in more light activity-a type of activity for which assessment was generally less reliable and valid-than vigorous activity. Estimation of light activity, which also dominates physical activity in daily life, is recognized as challenging and is a limitation of most self-report physical activity assessment methods. The PYTPAQ was shown to have significant rank-order correlations, suggesting that it would be appropriate for epidemiologic studies in which the participants are classified into quantiles of physical activity. Additional research is needed to increase our understanding of the effect of measurement error on the correlations observed.
